SUMMARY During a one-year survey 283 corneal ulcers from 274 patients were seen at St John's Eye Unit of Baragwanath Hospital. Central bacterial ulcers constituted the largest problem, and the commonest isolate in this group was Streptococcus pneumoniae. Mycotic and dendritic keratitis were relatively uncommon, while marginal catarrhal ulceration secondary to chronic staphylococcal lid disease was frequently seen. The microbiology of the various ulcers is described, and the placing of organisms into classes is stressed in determining significance of isolates. Many of the patients were male Africans who were either manual labourers or unemployed. Half the patients had used topical antibiotics before presentation.
The spectrum of micro-organisms responsible for corneal ulceration varies according to geographical location. Reports from the northern parts of the United States of America show predominantly Gram-positive organisms'2 while the southern parts show a striking number of fungal and Gram-negative isolates.3 A recent study from Britain4 also showed predominantly Gram-positive isolates. Variations such as these are probably worldwide, but studies of them have not been forthcoming from many areas. Relatively little is known about the situation in Africa. A report from Nigeria in 19761 concentrated on cases of mycotic keratitis selected from the 'large number of patients with corneal ulcers' treated at that hospital.
Baragwanath Hospital serves the population of Soweto, a sprawling city near Johannesburg, South Africa, whose inhabitants number about one million. In addition Baragwanath Hospital is a referral centre for medical problems from many parts of the country and occasionally further afield. The St John's Eye Unit is an integral part of the hospital and is adjacent to it. Cases of corneal ulceration constitute about 5% of admissions to St John's Eye Unit. The present survey was intended to establish the numbers of the various types of corneal ulcers seen at the hospital, the spectrum of micro-organisms isolated, and to collect data relating to local and general predisposing factors with a view to prophylactic intervention should this be possible. serum broth. One was swabbed over the lower fornix, avoiding the lid margins, plated on to blood agar, and inoculated into serum broth. A second swab was moistened in chopped meat broth and a conjunctival swab taken in the same way and placed in the chopped meat broth. The cornea was then anaesthetised with oxybuprocaine or proparacaine hydrochloride. Multiple corneal scrapings were then taken with platinum spatulae and inoculated on to blood agar in several rows, and serum broth and brain-heart infusion broth were also inoculated. In addition to these three classes it was found useful to consider two other situations for clinical purposes, though these may not be acceptable in terms of a case definition: Class 4. Growth of any organism(s) in a corneal medium plus conjunctival media.
Class 5. Growth of a pathogen on conjunctival media only.
As anaerobic bacteria were cultured from a single corneal and conjunctival medium these were not placed in the above mentioned classes.
A simple classification of the ulcers was used according to a method similar to that described by Kumura."
Results
The number of ulcers in each category is shown in Table 1 . There was a slight seasonal variance in the presentation of the ulcers to the hospital with a peak late in winter and into spring. There were 79 right and 76 left eyes with unilateral ulcers, and these together with the six bilateral cases gave 161 patients with 167 ulcers. Three of the bilateral cases were marginal catarrhal. There was no significant difference in mean age between the two largest groups. The central bacterial group had a mean age of 42-5 years and the marginal catarrhal group a mean age of 44-9 years. Within the group of admitted patients 30 ulcers occurred in children (16 years of age and younger). Of the adults half were manual labourers and a quarter were unemployed ( Table 2) . Of the cases which were admitted to hospital, 39% originated from Soweto, 48% from other urban areas within the Transvaal province, and 13% from rural areas within the Transvaal Province. Tables 3 and 4 show the ethnic and sex distribution of patients with corneal ulcers in the two largest ulcer groups.
In 154 cases the mean delay between the onset of symptoms and presentation to St John's for treatment was 16 days, but there was marked variation depending on the type of ulcer (Table 5 ). There was a significantly longer (p<005, Student's t test) delay before referral for the marginal catarrhal group than with the central bacterial group. About half the patients had been previously treated with topical antibiotics, and the antibiotic varied according to the type of ulcer being treated (Table 6 ). In 11 cases oral antibiotics had certainly been given in addition to local treatment. In a further five cases the description of the tablets suggested that they were antibiotics. Only one patient was on systemic steroid therapy, and this was a case of systemic lupus erythematosus with keratitis sicca which developed a pseudomonas corneal ulcer.
MICROBIOLOGY OF CENTRAL CORNEAL ULCERS
Corneal isolates were obtained in 62 of the 91 eyes in the central bacterial group (Table 7) . By far the commonest isolate was Str. pneumoniae, which was cultured from 26 eyes. Other streptococcus species were isolated from a further four eyes. Of the pneumococci which were isolated from the central The anaerobes Lultured were all obtained from chopped meat broth and consisted of nine isolates from eight cases. Four were conjunctival isolates only, and, of the remaining five, two were isolated in conjunction with class 1 pneumococci and were not considered significant in their own right. The remaining three were possibly significant. The case shown in Table 7 suffered from severe bullous keratopathy, and there were no aerobic bacteria cultured from the ulcer. The Peptococcus prevotii was cultured from the cornea and a Peptococcus asaccharolyticus was isolated from the conjunctiva. Scanty Gram-positive cocci were seen on the direct smear from the cornea. The other two isolates, a Peptococcus micros and a Propionibacterium acnes were not confirmed on direct smear and are thus probably not significant.
The Lowenstein-Jensen media were all negative for mycobacteria. The isolates from the cases of fungal keratitis are listed in Table 8 was isolated. There was only one dendritic ulcer in this group.
MICROBIOLOGY OF MARGINAL CORNEAL ULCERS
The organisms isolated from the marginal catarrhal group are shown in Table 9 . Direct smears were helpful in 85 of the 128 instances (66%), in which one was done (see Table  10 ). All aerobic bacterial isolations were tested for antibiotic susceptibility with a modified Kirby-Bauer disc diffusion technique on blood agar plates. All isolates were sensitive to either cefazolin or gentamicin, which were the two antibiotics used in treating the bacterial infections.
Discussion
Patients with many different types of corneal ulcers present for treatment at St John's Eye Hospital every year. As a general rule, owing to a shortage of beds (110 beds), only fairly severe cases will receive inpatient treatment, and this group of patients included 69 with hypopyon and 34 with perforated corneal ulcer. Most of the patients were male Africans, half of whom were manual labourers. This group might be expected to be exposed to corneal trauma, and indeed corneal foreign bodies and other corneal injuries such as corneal abrasions were the commonest local predisposing factors, followed by nodular climatic droplet keratopathy. The differences in the numbers of patients from various ethnic groups probably reflect differences in population size. The marked male predominance has commonly been reported and was as high as 80% in a retrospective study of 677 cases. 2 The class system for the isolates is intended to assess relevance of isolates and exclude contaminant bacteria. From class 1 to class 5 presents a decreasing likelihood of significance. Florid growth of an organism in several media (class 1) would be highly significant, whereas recovery of a pathogen only from the conjunctiva would be of questionable significance. The latter isolate may be considered when pretreatment is suspected of having sterilised the cornea. Classes 4 and 5 are included in an attempt to use conjunctival isolates in a meaningful way rather than relying only on corneal specimens. A class 4 isolate may reflect a tear film contaminant such as Staph. epidermidis or a more fastidious organism that will grow only on a certain type of medium, such as Moraxella species in serum broth of cornea and conjunctiva. Conjunctival isolates obtained which did not occur as class 4 or 5 isolates are not reported in this paper.
Bacterial corneal ulcers constituted the largest group of ulcers seen, and pneumococci were prominently isolated within the group. Staph. aureus is usually the commonest Gram-positive bacterium reported as a cause of central bacterial keratitis, ' 6 though an early series reported by Thygeson'2 showed pneumococci to be causative in 70% of 50 central corneal ulcers. The difference in the range of organisms is at least partly due to a worldwide difference in the conjunctival sac carrier rates of various organisms.' In a large series LocatcherKhorazo and Seegal' showed a high (13%) carrier rate of pneumococci in the normal conjunctival sac in the children under 5 but only 2-3% thereafter. In the same series the carrier rate of Staph. aureus was 25% in the children under 5, but this remained constant in all age groups thereafter. In this study five children had pneumococcal ulcers, four of whom were under 5 years old (three were central bacterial ulcers). The other pneumococcal ulcers were evenly spread through the age groups over 20 years.
Pneumococcal typing is not particularly useful in that the organisms usually reflect upper respiratory tract pneumococci. ' Reliable isolation of anaerobic bacteria is more time-consuming than of aerobic bacteria, and indications are that these organisms should not be ignored.
Corneal ulceration caused by anaerobic bacteria was considered uncommon enough to warrant single case reporting from the 1950s into the 1970s.I"'9 In 1977 Jones and Robinson reviewed the subject2" and included details of five cases of anaerobic keratitis. They also proposed guide lines for defining a significant isolate. Perry et al.21 reported 11 cases of anaerobic corneal ulcer, using very stringent criteria for case definition, from a series of 162 bacterial corneal ulcers. All these cases2'2' had some predisposing factor(s). Anaerobic bacteria may be pathogenic alone or acting synergistically with aerobic bacteria as has been suggested. 22 21 The practical implications of this group of organisms with respect to treatment is uncertain, as they are usually susceptible to the same antibiotics as have been used for aerobic bacterial keratitis. A change to chloramphenicol is recommended2' once an anaerobe is isolated, but this information may not be available in time to be useful.
If bacteriology is to play an active role in the management of acute keratitis, provisional results must be available within 24 hours, as these cases can deteriorate rapidly. It was pleasing to note during the study period that in nine cases of uncontrolled infection (six pneumonococcal and three pseudomonas) the organism was identified in eight cases on the day of admission on direct smear and provisionally confirmed on culture the following day. This places the clinician in the best possible position to make decisions on antibiotic choices in spite of having to wait a further day for antibiotic sensitivity results. It is usually sufficient to be able to make a distinction between Gram-positive cocci and Gramnegative bacilli for the purpose of choosing an antibiotic. Mixed infections are common enough to keep one humble, and a broad spectrum of antibiotic cover is used initially, with a change to more specific treatment made with positive confirmation of the causative organism.
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